The derivation of the quantum distribution-function transport equations combines the Liouvillian super-Green's function technique and the lattice Weyl-Wigner formulation of the quantum theory of solids. A generating super-functional is constructed which allows an algebraic and straightforward application of quantum field-theoretical techniques in real time to derive coupled quantum-transport, condensate, and pairwavefunction equations. In optically-excited semiconductors, quantum distributionfunction transport equations are given for phonons, plasmons, photons, and electronhole pairs and excitons by transforming the Bethe-Salpeter equation into a multi-time evolution equation. The virtue of quantum distribution function is that it allows easy application of 'device-inflow' subsidiary boundary conditions for simulating femtosecond device-switching phenomena.
INTRODUCTION
There is a need for generalized quantum distribution-function transport equations, valid for nonnormal, non-uniform, and ultra-fast systems, as bases for large-scale computer simulations. This becomes urgent with advances in material science, ultra-fast laser probes, nanofabrication, and the development of more powerful energy beams. The drive to produce systems which are functionally more dense and have wider bandwidths will lead nanostructure devices to atomic-scale dimensions with different materials: insulators, semiconductors, metals, and superconductors.
The nonequilibrium quantum transport theory including pairing dynamics is formulated in terms of the Liouville-space (L-space) quantum-field theory [1] [2] and lattice Weyl transform technique [3, 4] . For normal systems, this reduces to the nonequilibrium Green's function technique of Schwinger [5] , Kadanoff and Baym [6] , and Keldysh [7] , coupled with the lattice Weyl-Wigner formulation of the quantum theory of solids [3, 4] . Several new results are derived with the present approach.
F.A. BUOT
This L-space approach has provided the action principle for a multi-variable functional theory of nonequilibrium condensed-matter systems [8] [9] [10] . Thus 
where T ac denotes anti-chronological time oraering and
The "transition probability" obeys the equality 
We introduce a 4-component second quantized quantum field super-operators given by ff(1)T--((1) t(1)*(1)(1)) (6) This is a generalization of the multi-component quantum field operator first introduced by Nambu [15] , and by De Dominicis and Martin [16] . (12) proportional to a one-body external potential. These equations were also given by Aronov, et al. [17a] and formally resemble the well-known Gorkov equations [17b] for superconductors at thermal equilibrium.
Solving quantum transport problems [11] centers on the evolution of p< (12) [23] . The device physics [24] of interacting matter and radiation requires the consideration of all ranges of e-h densities and short-time dynamics.
The multi-component (in the "hat" and "tilde" indices) quantum field super-operators for electro-magnetic field (transverse and longitudinal) and lattice vibrations are given, respectively, by 7 
The time-ordered averages of the components give the familiar quantities, namely, A major challenge in analyzing the .ultra-fast dynamics of semiconductor gain material for investigating microcavity lasers is the fact that the electron-hole system properties are strongly affected by many-particle Coulomb interactions, and strong coupling to the light and crystal latticephonon fields [24] . In device physics of highly excited semiconductor systems, involving all ranges of e-h pair densities, the exciton, e-h Cooper pairs, and e-h plasma energetics and their accompanying distributions greatly affect the polaritons, phonons, biexcitons, and higher-order 'pairing' (excitonic molecules) distributions, their wavefunctions and energies. For the bosons of real fields, the diffusion velocity is not equal to the group velocity of bare excitations but is defined only by its renormalized value. Quanta of these classical fields interact with the environment or collide with each Other as it diffuse in space. The condensate and normal excitation energetics and their accompanying distribution also influence the gap function and energy gap. The full transport equations will be published elsewhere.
